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) Report for MVA Project No. 0765
Asbestos Fiber Release 

During the Removal of a Sheet Gasket

James R. Millette, Ph.D.
Michael D. Mount, OHST

Abstract

Asbestos sheet gasket material used between piping flanges is generally 
considered to be a non-friable material unless cut or tom. In a controlled area, 
personal and area air samples were collected before and during the removal of 
asbestos sheet gasket material and wire-brushing of the pipe flange. The results of 
this study show asbestos fibers can be released into the air during the procedures for 
the removal of asbestos sheet gasket material and wire-brushing of the flange.
Cleaning of the area with a broom after removal also increased airborne fiber 
concentrations. -Air concentrations were measured by phase contrast microscopy to be 
from 0.1 to 6 fibers/cc and by transmission electron microscopy in the range of 3.9 to 
62 fibers/cc for asbestos fibers of all sizes. .

Introduction

Most piping systems, especially in industrial and maritime facilities, use gaskets 
to seal joints. The gaskets may contain asbestos fibers as part of their composition. 
Periodically, a pipe connection must be broken at the flanges and the old gasket 
removed. This effort may require a simple scraping with hand tools or may need the 
assistance of power tools to clean-up the flange.

Asbestos Sheet Gasket Material

According to the U.S. Environmental Protection Agency (EPA), gaskets are 
' materials used to seal one compartment of a device from another in applications such 

as engine and exhaust manifolds. Asbestos gaskets are used mainly to seal 
connections and prevent leakage of fluids between solid surfaces. Gaskets, often 
consisting of more than 70% chrysotile asbestos, are used against alkaline, neutral or 
weak acid solutions. Crocidolite containing gaskets have been used against harsher 
acid solutions. Sheet gaskets are composed of chrysotile asbestos compressed into a
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sheet with styrene batafiene rubber or other binder. Other organic binders used in 
making asbestos gaskets include natural rubber, buna-S and buna-N synthetic rubbers, 
or neoprene.

Study Design

Asbestos-containing materials are common in industrial sites and on ships and 
because a maintenance activity often involves the disturbance of more than one 
material, it is difFkxrft to assess the contribution, if any, of a particular ACM to the 
overall airborne asbestos concentration. To determine the possible contribution of an 
asbestos gasket only during removal, special precautions were taken to isolate the 
removal activity from other activities that might have contributed airborne asbestos from 
other sources.

Study Site

The study was conducted in a warehouse in Norcross, Georgia. An asbestos 
abatement type enclosure was built for the study to isolate the testing from any other 
source of asbestos and to prevent any fiber release from contaminating the building. 
The containment barriers in the area consisted of three layers of 6-mii polyethylene 
plastic sheets on a wooden frame and three layers of 6-mii polyethylene plastic on the 
floor. The containment area (8 ft by 8 ft) was completely contained within a larger 
containment area. The study area had a two High Efficiency Particulate Absolute 
(HEPA) air filtration device (AFD) used to clean the area of particulate including 
asbestos before the gasket removal activity. In the outer area the AFD operated 
throughout the test.

Study Procedures

The study consisted of the collection of air samples before, during, and after a 
gasket removal activity. A valve that had been used in a steam line onboard a ship was 
used for the experiment. The valve assembly had two sets of flanges with a gasket 
between each set of flanges. According to the retired steamfitter performing the gasket 
removal the valve assembly probably carried 40 to 75 pound steam through it. The 
temperature in the valve could have reached about 3000 F. Gaskets were removed 
from both sides of the valve.
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The removal was separated into two activities with separate air samples being 
collected during each activity. The flanges were first scraped with a putty knife or 
screw driver to remove the majority of the gasket material. The flanges were then wire 
brushed with an air powered drill to remove the residual gasket material adhering to the 
flanges. The drill was a Campbell Hausfeld Model TL1006 drill that has a maximum 
speed rating of 2500 RPMs.

Prior to starting the study, three (3) area air samples were collected to determine 
the background level of asbestos in the air of the study area using aggressive sampling 
and operating the drill for approximately two minutes before starting the air samples. 
The sampling cassettes were located on the walls at the breathing zone, five feet from 
the floor. Area air samples were collected during the sheet gasket removal in the same 
locations as each of the background air samples, approximately five feet from the 
gasket removal activity. The person doing the gasket removal was fitted with two 
personal air sampling devices.

All personnel inside the study area were protected by air purifying respirators 
and complete head and body coverings. The decontamination system consisted of a 
changing room outside the testing area, and a clean suit-up room. The 
decontamination system was used each time a person exited the study area and the 
overall containment area.

Analytical Methods

Air samples were analyzed by the standard phase contrast microscopy (PCM) 
method NIOSH 7400 using the "A" counting rules.

Although the phase contract microscope enhances the analyst's ability to see 
fibers over other types of light microscopes, the standard procedure involves does not 
involve identification steps which specifically determine how many of the fibers counted 
are actually asbestos. Because sheet gasket material is known to contain other types 
of fibers, some of the samples were prepared for further study by transmission electron 
microscopy (TEM). The samples were prepared and analyzed using the International 
Standards Organization (ISO) Direct preparation counting procedure. This TEM 
analysis method identifies asbestos fibers on the basis of morphology, crystal structure
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and x-ray elemental analysis. On one sample during each activity, all asbestos fibers 
longer than O.S ym were counted by TEM so that a total asbestos concentration could 
be determined. In other samples only those fibers longer than 5 ym and wider than 
0.25 ym were counted to provide an asbestos count equivalent to the PCM data.

Polarized light microscopy (PLM) was used to determine the type of asbestos in 
the sheet gasket material. A friability test was performed on the samples of gasket 
material removed from the flanges. The EPA friability test is a field test in which an 
attempt is made to crumble the ACM by hand. If the material produces dust when 
crumbled by hand, it is considered friable. The EPA distinguishes friable from non- 
friable ACM in their regulations on handling asbestos products. Friable ACM is 
considered more of a potential hazard than non-friable material.

Results

The results of the air monitoring are shown in Table 1. During the sheet gasket 
removal activity, which lasted approximately 34 minutes, the asbestos fiber level for 
the person removing the packing was 1.86 fibers/cc (PCM) time weighted for the period 
of removal. It should be noted that only fibers greater than 5.0 ym are counted using 
the PCM method. The area samples collected in the vicinity of the sheet gasket cutting 
activity showed levels of fibers elevated over the background levels. The TEM analysis 
results are also shown in Table 1. Chrysotiie fibers were identified as the primary type 
of fiber. The TEM fiber counts ranged from 3.9 to 62 fibers per cc for asbestos fibers of 
all sizes above 0.5 ym in length. A list of flow rates and air volumes for the cassettes is 
given in Table 2.

Polarized light microscopic analysis showed the sheet gasket to be 
approximately 80% chrysotiie (Appendix C).

The gasket materials removed from the valve flanges were dry and friable.

Conclusions

Asbestos sheet gasket, although not considered friable in original, unused 
condition, can release asbestos fibers into the air during removal operations both when
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hand roetftcKfe are used and when air-powered wire-brushing is done. Clean-up 
following the removar may resuspend dust containing asbestos into the air.

Recommendations

The results of these tests suggest that asbestos sheet gasket material, although 
not considered as a friable ACM when new, should be considered as such during 
removal activities, especially if a powered brushing device is involved.
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Table 1

Summary of Air Sampling Results 
for Gasket Removal

MV A, Inc.
5500 Oakbrook Parkway, Suite 200 

Norcross, GA 30093
(404) 662-8509

Activity PCM* (f/cc) TEM** Islcc)

Background 0.004 <0.02

Hand Scraping 0.14 3.9

Power Wire Brushing 6.8 62

Hand Scraping and
Power Wire Brushing 2.1 20

Broom Sweeping of Area 
After Removal

5.5 44

Phase Contrast Microscopy counts fibers greater than 5 pm in length and greater 
than 0.25 pm in diameter.

Transmission Electron Microscopy identifies and counts asbestos fibers greater 
than 0.5 pm in length and greater than 0.02 pm in diameter.
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APPENDIX A
Photographs showing the activities and materials during the removal 
of a sheet gasket and cleaning of the pipe flanges with a wire-brush.
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Figure 1. Valve from which gaskets were removed.
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Figure 3. Scraping residual gasket
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Figure 5. Scraping flange

Figure 6. Removing residual gasket
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Figure 7. Removing residual gasket
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Figure 9. Sweeping after the gasket removal.
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APPENDIX B

TEM sheets
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MV A, Inc.
TEM SAMPLE ANALYSIS INFORMATION

MVA PROJECT NO: 765
MVA SAMPLE NO: D4037
CLIENT SAMPLE NO: 1

DATE: 1/14/94

Amount collected: 1539 liters
Amount prepped: • direct liters
Area erf analyzed filter 385 mm2
Magnification used for fiber counting: 21600
Aspect ratio for fiber definfiion: 3:1
Mean dimension of grid openings: 0.008 mm3
Number of grid openings examined: 10
Number of asbestos structures counted: 1
Number of fibers longer than 5 pm: 0
Initials of Analyst: JM

Grid/ Structure Structure Length
Opening Number Type pm

cs NSD"
D3 NSD
El 1
F9 NSD
G9 NSD
B4 NSD
C8 NSD
G9 NSD
J2 NSD
c: NSD

Width Identl- Comments
pm fication

0.09 CD

"No Asbestos Structures Detected
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MVA, Inc.
TEM SAMPLE ANALYSIS INFORMATION

MVA PROJECT NO: 765
MVA SAMPLE NO: D4D38
CLIENT SAMPLE NO: 2

DATE: 1/H/94

Amount collected: 1539 liters
Amount pcepped: direct liters
Area of analyzed fitter: 385 mm1
Magnification used for fiber counting: 21600
Aspect ratio for fiber definition: 3:1
Mean dSmensfon of grid openings: ' 0.008 mm3
Number of grid openings examined: 10
Number of asbestos structures counted: 2
Number of fibers longer than 5 pm: 0
Initials of Analyst: JM

Grid/ Structure Structure Length Width
Opening Number Type pm pm

IdentL Comments 
fication

E2 1 F 0.69 0.09
F9 NSD*
H4 NSD
A3 NSD
J4 NSD
52 NSD
G3 2 F 0.93 0.09
F9 NSD
A3 NSD
D6 NSD

'No Asbestos Structures Detected
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MVA, Inc.
TEM SAMPLE ANALYSIS INFORMATION

MVA PROJECT NO: 755
MVA SAMPLE NO: D4C39
CLIENT SAMPLE NO: 3

DATE: 1/14/94

Amount cofieded: 1539 liters
Amount propped: direct liters
Area of analyzed filer: 385 mm3
Magnification used for fiber counting: 21.600
Aspect ratio for fiber definition: 3:1
Mean dimension of grid openings: 0.008 mm3
Number of grid openings examined: 10
Number of asbestos structures counted: 1
Number of fibers longer than 5 pm: 0
Initials of Analyst: JM

Grid/ Structure Structure Length Width IdentL Comments
Opening Number Type pm pm fication

04 NSD*
D8 NSD
El NSD
F3 NSD
J7 NSD
H2 NSD
B4 1
D7 NSD
15 NSD

A2 NSD

'No Asbestos Structures Detected

D:PROJECTS.C'765:RPT0127 Page 19



MV A, Inc.
TEM SAMPLE ANALYSIS INFORMATION

MVA PROJECT NO: 765
MVA SAMPLE NO: D4041
CLIENT SAMPLE NO: 5

DATE: 1/15/94

Amount collected: 19.2 liters
Amount prepped: direct liters
Area, of analyzed filter 385 mm3
Magnification used for fiber counting: 21600
Aspect ratio for fiber definition: 3:1
Mean dimension of grid openings: 0.008 mm3
Number of grid openings examined: 10
Number of asbestos structures counted: 17
Number of fibers longer than 5 pm: 6
Initials of Analyst: JM

Grid/ Structure Structure Length Width Identi- Comments
Opening Number Type pm pm fication

C4 1 MD11 6.94 5.56
Mr 5.56 0.09 CD

2 F 8.33 0.09 CD
3 F 2.78 0.09 CD

F2 4 MC10 4.63 2.31
MF 1.85 0.09 CD

5 B 4.17 0.28 CD
E8 6 CD-m- 11.57 4.63

CF 7.87 0.09 CD
CF 7.87 0.09 CD
CF 7.87 0.09 CD
CR 6.94 4.17 CMX

17 7 F 0.93 0.09 CD
8 B 2.78 0.23 CD

H3 9 F 2.31 0.09 CD
B4 10 MD10 4.63 2.31

MF 3.70 0.09 CD
11 MD10 1.85 1.85

MF 1.39 0.09 CD
A7 12 MD20 4.63 4.63

MF 2.78 0.09 CD
MF 2.78 0.09 CD

13 F 4.17 0.09 CD
J6 14 F 2.31 0.09 CD
C5 15 B 3.70 0.23 CD

'No Asbestos Structures Detected
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MVA PROJECT NO: 765 DATE: 1/15/94
MVA SAMPLE NO: D4041
CUENT SAMPLE NO: 5

Grid/ Structure Structure Length Width IdentL Comments
Opening Number Type pm pm fication

F2 16 MD10 6.48 4.63
Mr 4.17 0.09 CD

17 B 6.48 0.28 CD

*No Asbestos Structures Detected
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MV A, Inc.
TEM SAMPLE ANALYSIS INFORMATION

MVA PROJECT NO: 765 DATE: 1/15/94
MVA SAMPLE NO: D4042
CLIENT SAMPLE NO: 6

Amount collected: 19J2 liters
Amount prepped: direct liters
Area of analyzed filter 385 mm2
Magnification used for fiber counting: 21600
Aspect ratio for fiber definition: 3:1
Mean dimension of grid openings: 0.008 mm*
Number of grid openings examined: 10
Number of asbestos structures counted: 14
Number of fibers longer than 5 pm: 2
Initials of Analyst: JM *

Grid/1 Structure Structure Length Width Identi- Comments
Opening Number Type pm pm fication

57 1 F 2.78 0.09 CD
2 5 0.93 0.19 CD
3 MD20 1.85 1.85

Mr 0.S3 0.09 CD
MF 0.93 0.09 CD

C2 4 F 1.39 0.09 CD
MC10 1.16 1.16

MF 0.93 0.09 CD
El NSD*
F8 5 F 3.24 0.09 CD

6 MC10 4.63 4.63
MF 2.31 0.09 CD

7 B 5.56 0.28 CD
G9 8 F 1.85 0.09 CD
F6 9 MC10 3.24 2.31

MF 1.39 0.09 CD
El . 10 MC20 5.56 2.78

MF 4.17 0.09 CD
MF 2.78 0.09 CD

A4 NSD
C3 11 B 3.70 0.23 CD

12 F 6.94 0.09 CD
K2 13 F 1.85 0.09 CD

14 MD10 4.17 4.17
MF 3.70 0.09 CD

*No Asbestos Structures Detected

D:PROJECTS:0765:RPT0127 Page 22



MV A, Inc.
TEM. SAMPLE ANALYSIS INFORMATION

MVAPROECXRD: 765
MVA SAMFLE NO: D4044
CLIENT SAMPLE NO: 8

DATE: 1/14/94

Amount collected: 4.8 liters
Arnourt prepped: * direct liters
Area of analyzed filter 385 mm*
■*jjiar.-g*ir>n used for fiber counting: 21600
Aspect afia forfiber definition: 3:1
Iteaa dimension of grid openings: 0.008 mm*
Number cf grid openings examined: 10
Number of asbestos'strqCures counted: 63
Number of fibers longer than 5 pm: 7
fctiSais of Analyst JM

GridT Structure Structure Length
Opening Number Type pm

F2

Width Identn Comments
pm fication

1 MD10 2.78 2.31
MF 2.78 0.09 CD

2 B 7.41 0.28 CD
3 MC+0 2.31 2.31 CDX
4 F 3.24 0.09 CD
5 F 6.48 0.09 CD
6 MD51 5.56 5.09

MF 5.56 0.19 CD
MB 4.63 0.28 CD
MF 3.70 0.09 CD
MF 3.24 0.09 CD
MR Z31 1.85 CMX

7 F 1.39 0.09 CD
8 F 3.24 0.05 CD
9 F 1.16 0.05 CD

10 MD30 3.24 3.24
MF 2.78 0.09 CD
MF 2.78 0.09 CD
MF 1.39 0.09 CD

11 MC+0 4.63 3.70 CMX
12 F 2.31 0.09 CD
13 B 6.48 0.28 CD
14 MD21 5.56 2.31

MB 5.56 0.23 CD
MF 3.24 0.05 CD

•No Asbestos Structures Detected
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MVA PROJECT NO: 765
MVA SAMPLE NO: D4044
CLIENT SAMPLE NO: 8

Grid/ Structure Structure
Opening Number Type

15 B
IS F

G1 17 MD20
MF
MF

*8 F
19 MD10

MF
IS 20 F

21 F
A4 22 cc++

23 F
24 B
25 MD31

MB
MF
MF

25 F
27 F
28 F
29 B
30 MD10

MF
31 F
32 cc+o
33 F
34 B
35 F

2 J4 36 MD41
MF
MF
MF
MF

37 F
38 F
39 B
40 F
41 CC+O
42 F

C3 43 F

DATE; VI4/94

Length Width Identi-
pm pm fication

1.B5 0.32 CD
0.93 0.09 CD
4.17 2.31
0.93 0.09 CD
0.93 0.09 CD
5.56 0.09 CD
1.85 0.46
1.85 0.09 CD
1.62 0.05 CD
4.63 0.09 CD

11.11 4.63 CD
4.17 0.09 CD
8.33 0.56 CD
926 6.94
8.33 023 CD
324 0.05 CD
2.78 0.09 CD
0.97 0.05 CD
2.31 0.09 CD
3.47 0.09 CD
2.78 0.23 CD
1.85 1.85
1.85 0.05 CD
5.09 0.05 CD
4.17 1.85 CD
2.08 • 0.05 CD
2.31 0.46 CD
0.93 0.05 CD

18.52 9.26
9.26 0.09 CD
1.39 0.05 CD
1.39 0.05 CD
1.39 0.05 CD
2.78 0.09 CD
0.93 0.05 CD
6.48 0.23 CD
3.47 0.09 CD
2.31 0.69 CD
1.85 0.09 CD
1.39 0.05 CD

*No Asbestos Structures Detected

Comments
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DATE; t/14/94MVA PROJECT NO: 765
MVA SAMPLE NO: D4044
CLIENT SAMPLE NO: 8

Grid/ Structure Structure Length
Opening Number Type pm

44 MD30 6.48
MF 4.63
MF 2.08
MF 0.93

D2 45 F 3.24
45 cc+o 4.17

- E5 47 F 1.39
48 F 4.63
49 B 8.33
50 MD10 8.80

MF 3.70
51 F 1.16
52 F ' 2.08
£3 B 278
54 MC+0 1.39
55 F 4.17
56 F 0.93
57 B 2.08
58 F 5.56
59 F 2.31

F7 60 CC++ 6.02
61 F 231
62 B 4.40
63 F 1.39

"No Asbestos Structures Detected

D:PROJECTS:0765:RPT0127

Width Identi- Comments
pm fication

4.63
0.05 CD
0.05 CD
0.09 CD
0.09 CD
324 CD
0.09 CD
0.09 CD
023 CD
2.31
0.05 CD
0.05 CD
0.05 CD
028 CD
1.39 CD
0.05 CD
0.05 CD
0.14 CD
0.05 CD
0.05 CD
3.70 CD
0.09 CD
0.56 CD
0.05 CD
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MVA, Inc.
TEN! SAMPLE ANALYSIS INFORMATION

MVA PROJECT NO: 765
MVA SAMPLE MO: D4045
CLIENT SAMPLE NO: 9

DATE: 1/15/94

Amount collected: 4.8 liters
Amount prepped: direct liters
Area of analyzed filter 385 mm*
Magnification used for Tiber counting: 21600
Aspect ratio for fiber definfticn: 3:1
Mean dimension of grid openings: 0.008 mm3
Number of grid openings examined: 10
Ntsnber of asbestos structures counted: 61
Number of fibers longer than 5 pm: 12
Initials of Analyst: JM

Grid/ Structure Structure Length Width IdentL Comments
Opening Number Type pm pm fication

1 F 8.80 0.09 CD
2 MD20 18.52 5.56

MF 4.63 0.05 ‘ CD
MF 1.85 0.05 CD

3 F 3.70 0.09 CD
4 B 2.78 0.28 CD
5 B 1.85 0.23 CD
6 CC++ 12.96 9.26 CD
7 CC+0 1.39 1.39 CD
8 CC+0 1.85 0.93 CD
9 MC+0 1.39 0.46 CD

10 MD11 6.94 0.23
MF 6.94 0.05 CD

11 F 0.93 0.09 CD
12 B 1.85 0.05 CD
13 F 0.93 0.05 CD
14 B 3.47 0.05 CD
15 MD20 4.63 2.31

MF 4.63 0.05 CD
MF 1.39 0.05 CD

16 F 0.93 0.05 CD
17 B 6.02 0.37 CD
18 F 1.39 0.05 CD
19 F 2.31 0.09 CD
20 B 3.01 0.05 CD

•No Asbestos Structures Detected
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MVA PROJECT NO: 765 DATE 1/15/94
MVA SAMPLE NO: D4045
CLIENT SAJUPLE NO: S

Grid/ Strucarre Structure Length Width Identi- Comments
Opening Number Type pm pm fication

21 CC+C 1.39 0.46 CD
22 MC+O 8.33 4.63 CD
23 MD31 13.89 926

MF 6.02 0.05 CD
MF 1.85 0.05 CD
UF 1.39 0.05 CD

24 F 0.93 0.05 CD
25 MD10 224 2.31

MF 324 0.05 CD
26 F 1.39 0.05 CD
27 F 7.87 0.05 CD

Cl 28 CC++ 13.89 9.26 CD
29 F 0.93 0.05 CD
30 MD21 . 6.48 6.48

MF 6.48 0.09 CD
MF 2.31 0.05 CD

31 •F 324 0.09 CD
32 B 2.94 023 CD
33 F 0.93 0.05 CD

2 D9 34 MD80 18.52 4.63
MF 4.17 0.05 CD
MF 2.31 0.05 CD
MF 1.39 0.05 CD
MF 1.39 0.05 CD
MR 0.93 0.09 CD

15 35 F 1.85 0.05 CD
36 F 324 0.05 CD
37 F 2.31 0.05 CD
38 F 10.19 0.09 CD
39 B 2.08 0.23 CD
40 B 4.17 0.46 CD
41 F 1.39 0.05 CD
42 F 2.78 0.09 CD
43 cc+o 4.63 4.63 CD
44 cc+o 2.31 1.39 CD
45 F 0.93 0.05 CD
46 MD10 324 1.39

MF 2.78 0.05 CD
47 B 6.48 0.46 CD

BS 48 F 1.39 0.05 CD

•No Asbestos Structures Detected
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MVA PROJECT NO: 
MVA SAMPLE NO: 
CUENT SAMPLE NO:

765
D4045
9

DATE: 1/15/94

Grid/ Structure Structure Length Width Identi­
Opening Number Type pm pm fication

AID

F2

49 F 8.23 0.05 CD
50 MD42 8.80 2.31

MB 6.94 0.23 CD
MF 5.56 0.09 CD
MF 1.85 0.05 CD
MF 1.85 0.05 CD

51 B 2.94 0.46 CD
52 F 0.93 0.05 CD
53 MC+0 7.41 3.24 CD
54 F 1.39 0.05 CD
55 F 2.78 0.09 CD
56 CC+0 2.31 0.93 CD
57 F ' 1.85 0.09 CD
58 3 2.31 0.28 CD
59 F 5.56 0.09 CD
60 F 2.78 0.09 CD
61 F 1.39 0.05 CD

"No Asbestos Structures Detected

Comments
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MVA, Inc.
TEM SAMPLE ANALYSIS INFORMATION

MVA PROJECT NO: 0765 DATE: 01/15/94
MVA SAMPLE NO: D4046
CLIENT SAMPLE NO: 10

Amount collected: 16.8 liters
Amount prepped: • Direct liters
Area of analyzed fitter 385 mm*
Magnification used for fiber counting: 21600
Aspect ratio for fiber definition: 3:1
Mean dimension of grid openings: 0.008 mm*
Number of grid openings examined: 10
Number of asbestos structures counted: 73
Number of fibers longer than 5 pm: 13
Initials of Analyst JM

Grid/ Structure Structure Length Width Identi- Comments
Opening Number Type pm pm fication

1 B 1.39 0.19 CD
2 F 1.39 0.05 CD
3 cc+o 2.31 2.31 CD
4 MC+0 3.70 0.46 CD
5 F 0.93 0.05 CD
6 F 9.72 0.09
7 MD20 6.94 4.63 CD

MF 4.63 0.05 CD
MF 2.31 0.05 CD

8 F 3.70 0.05 CD
9 F 0.93 0.05 CD

10 B 3.24 0.23 CD
11 B 8.33 0.46 CD
12 MD10 2.78 2.78

MF 2.78 0.05 CD
13 F 1.85 0.05 CD
14 MD81 9.26 6.02

MF 8.80 0.05 CD
MF 2.31 0.05 CD
MF 2.13 0.05 CD
MF 1.39 0.05 CD
MR 1.39 0.93 CD

15 F 2.55 0.05 CD
16 F 3.24 0.09 CD
17 MD10 5.56 0.05

’No Asbestos Structures Detected
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DATE; 01/15/94MVA PROJECT NO; 0765
UVA SASyPLE NO: D4046
CLIENT SAMPLE NO: 10

Grid7 
Opening

Structure
Number

Stnjcture
Type

Length
pm

Width
pm

Identi­
fication

1 F9 MF 2.31 0.05 CD
18 F 0.93 0.05 CD
19 B 1.85 023 CD

C3 20 B 1.85 023 CD
21 F 0.93 0.05 CD
22 CC++ 6.48 4.63 CD

2 B7 23 MCS0 18.52 7.41 CD
24 F 1.85 0.05 CD

A3 25 F 0.93 0.09 CD
26 B 5.09 0.32 CD
27 F 0.93 0.05 CD
28 F 18.52 0.09 CD
29 ' MD10 7.87 2.31

MF 3.70 ' 0.05 CD
30 F 4.63 0.09 CD
31 F 4.17 0.05 CD
32 CC+0 2.78 2.78 CD
33 F 1.85 0.05 CD

J4 34 F 8.33 0.09 CD
35 F 0.93 0.05 CD
36 B 2.31 0.93 CD
37 F 1.39 0.05 CD
38 F 6.48 0.09 CD

C2 39 MD40 324 2.78
MF 324 0.05 CD
MF 3.24 0.05 CD
MF 3.24 0.05 CD
MF 324 0.05 CD

40 F 1.16 0.05 CD
41 F 4.17 0.09 CD
42 B 9.26 0.42 CD
43 F 1.39 0.05 CD
44 MD10 3.94 1.85

MF 324 0.05 CD
45 F 1.16 0.05 CD
46 F 1.85 0.05 CD
4 F 4.63 0.09 CD
4o B 3.47 0.32 CD
49 MD20 4.17 3.70

MF 4.17 0.05 CD

"No Asbestos Structures Detected

Comments

D:?ROJECTS:0765;RPT0127 Page 30



MVA PROJECT WOT 0765 DATE: 01/15/94
MVA SAMPLE NOc D4046
CLIENT SAMPLE NO: 10

Grid/ Sbucture Structure Length Width Identi- Comments
Opening Numbs' Type pm pm fication

2 C2 MF 2.31 0.05 CD
50 F 11.57 0.09 CD
5t B 2.78 023 CD
52 F 0.S3 0.05 CD
55 F 8.33 0.05 CD
5* B 6.94 0.46 CD
55 MC+0 1:.85 1.85 CD
55 CC-*-*- 7.41 1.85 CD

K 57 MD41 1620 11.57
MB 13.89 0.46 CD
MF 4.63 0.05 CD
MF 4.63 0.05 CD
MF 2.31 0.05 CD

■ 55 F * 1.85 0.05 CD
55 F 0.93 0.05 CD
SO F 324 0.09 CD
51 cc+o 2.78 1.85 CD
62 F 0.93 0.05 CD
63 F 1.39 0.05 CD
64 MD10 4.17 1.85

MF 0.93 0.05 CD
65 MD21 6.48 4.63

MF 5.09 0.05 CD
MF 1.39 0.05 CD

66 MD20 5.09 2.31
MF 1.85 0.05 CD
MF 1.85 0.05 CD

67 F 1.39 0.05 CD
68 B 2.31 0.23 CD
65 F 0.93 0.05 CD
70 F 2.31 0.05 CD
71 F 0.93 0.05 CD
72 F 2.78 0.09 CD
73 B 3.24 023 CD

'No Asbestos Structures Delected
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MVA, Inc. *
TEM SAMPLE ANALYSIS INFORMATION

MVA PROJECT MO: 765
MVA SAMPLE NO: D4047
CLIENT SAMPLE. NO: 11

DATE: 01/15/94

Amcsait collected: 16.8 liters
Amount pnepped: dIRECT liters
Area of analyzed filter 385 mm2
Magnification used for fiber counting: 21600
Aspect ratio for fiber definition: 3:1
Mean dimension of grid openings: 0.008 mm2
Number of grid openings examined: 10
Number of asbestos strictures counted: 67
Number of fibers longer than 5 pm: 6
InSiais of Analyst: JM

Grid/ Stmcture Structure Length Width Identf- Comments
Opening Number Type _ pm pm fication

1 F 2.31 0.09 CD
2 B 4.17 0.56 CD
3 F 0.93 0.05 CD
4 MD10 926 1.39

MF 4.63 0.05 CD
5 F 1.85 0.09 CD
6 F 1.85 0.09 CD
7 cc+o 3.70 0.93 CDX
8 F 0.93 0.05 CD
9 B 7.87 0.46 CD

10 MD50 4.17 4.17
MF 1.85 0.05 CD
MF 1.39 0.05 CD
MF 1.39 0.05 CD
MF 1.39 0.05 CD
MF 1.39 0.05 CD

11 F 1.85 0.05 CD
12 CC++ 5.56 4.63 CD
13 F 2.78 0.05 CD
14 F 1.39 0.05 CD
15 MD10 13.89 4.63

MF 4.17 0.05 CD
16 MD20 4.63 3.70

MF 1.85 0.05 CD
MF 0.93 0.05 CD

'No Asbestos Structures Detected
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MVA PROJECT NO*. 765 DATE: 01/15/94
MVA SAMPLE NO: D4047
CLIENT SAMPLE NO: 11

Grid/' Structure Structure Length Width Ident't- Comments
Opening Number Type pm pm fication

1 F7 17 F 2.31 0.05 CD
18 B 324 0.23 CD
19 F 4.17 0.05 CD
20 MD10 8.33 2.31

MF 324 0.09 CD
21 cc+o 2.78 1.85 CD .
22 F 5.56 0.05 CD
23 F 4.63 0.05 CD
24 B 3.70 023 CD
25 F 2.31 0.05 CD
26 MD10 6.94 4.63

MF 221 0.05 CD
G3 27 F 0.93 0.05 CD

28 F 0.93 0.05 CD
29 F ' 0.93 0.05 CD
30 CC-m- 6.48 6.02 CD
31 B 2.78 023 CD
32 F 1.16 0.05 CD
33 F 1.85 0.05 CD
34 MC+0 4.17 4.17 CD
35 F 1.39 0.05 CD
36 MD+0 7.87 5.56

MF 4.63 0.05 CD
MF 4.63 0.05 CD
MF 3.70 0.05 CD
MB 1.85 0.19 CD
MR 1.39 023 CD

2 D2 37 F 1.62 0.05 CD
F3 38 F 6.94 0.09 CD

39 B 324 0.05 CD
40 F 0.93 0.05 CD
41 F 3.01 0.05 CD
42 B 324 0.46 CD
43 MD10 4.63 2.31

MF 4.63 0.05 CD
44 F 0.93 0.05 CD

B9 45 B 3.70 0.05 CD
46 F 1.39 0.05 CD
47 F 0.93 0.05 CD
48 MD20 1.85 1.39

'No Asbestos Structures Detected
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DATE: 01/15/94
)

UVA PROJECT NO: 765
KVA SAMPLE NO: D4047
CLENT SAMPLE NO: 11

GridT
Opening

Structure Structure Length 
Number Type pm

Width
pm

Identi­
fication

2 BS

H5

J5

MF 1.85 0.05 CD
MF 0.S3 0.05 CD

49 F 221 0.05 CD
50 F 18.52 0.09 CD
51 F 0.23 0.05 CD
52 MD10 5.09 324

MF 231 0.05 CD
53 F 129 0.05 CD
54 5 324 023 CD
55 MD41 823 6.94

MF 6.94 0.05 CD
MF 231 0.05 CD
MF . 231 0.05 CD
MF 231 0.05 CD

56 F 0.93 0.05 CD
57 F 0.93 0.05 CD
58 B 278 0.23 CD
59 F 6.02 0.09 CD
60 MD10 9.72 5.09

MF 2.31 0.05 CD
61 F 1.85 0.05 CD
62 F 1.39 0.05 CD
63 F 2.31 0.05 CD
64 B 3.24 • 0.23 CD
65 F 2.31 0.05 CD
66 F 0.93 0.05 CD
67 F . 4.63 0.09 CD

*No Asbestos Structures Detected

Comments
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MVA, Inc.
TEM SAMPLE ANALYSIS INFORMATION

MVA PROJECT NO; 7E5
MVA SAMPLE NO: D4C52
CLIENT SAMPLE NO: IS

DATE: 1/17/94

Amount collected:
Amount propped: ■
Area of analyzed fitter:
Magnification used for fiber counting: 
Aspect ratio tor f&er definition:
Mean dimension of grid openings: 
Number of grid openings examined: 
Number of asbestos structures counted: 
Number of fibers longer man 5 pm: 
Initiate of Analyst:

6 liters 
direct liters 

385 mm2 
21600 

3:1
0.008 mm* 

10 
51 

8 
JM

Grid/ Structure Structure Length Width Identi- Comments
Opening Number Type pm pm fication

1 B2 1 F
2 MD40

Mr
MF
Mr
MF

3 F
4 MC+0
5 F

H10 6 F
7 CC+0
8 F

F3 9 B
10 B
11 MD11

B
12 MD10

MF
13 F
14 F

J4 15 CC++
16 CC+0
17 MD10

MF
18 F

1.39 0.05 CD
4.63 2.31
3.70 0.09 CD
1.85 0.09 CD
1.39 0.05 CD
1.39 0.05 CD
6.48 0.09 CD
3.24 3.24 CD
2.31 0.05 CD
2.31 0.05 CD
4.63 3.70 CD
7.87 0.09 CD
1.85 0.23 CD
3.47 0.28 CD

18.52 9.26
9.26 0.46 CD
4.63 4.63
1.85 0.05 CD
3.70 0.09 CD
0.69 0.05 CD

13.89 6.94 CD
4.17 2.31 CD
6.94 1.39 CD
2.31 0.09 CD
1.85 0.05 CD

"No Asbestos Structures Detected
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MVA PROJECT NO: 765 DAtc: 1/17/94
MVA SAMPLE NO: D4052
CLIENT SAMPLE NO: 16

Grid/ Structure Structure Length Width Identi-
Opening Number Type pm pm fi cation

19 MD50 12.89 4.63
MF 4.63 0.09 CD
Mr 2.31 0.05 CD
MF 2.31 0.05 CD
MF 1.85 0.05 CD
UR 1.85 1.39 CD

20 B 12.50 0.32 CD
21 F 0.69 0.09 CD
22 F 0.S3 0.05 CD

D9 23 CC++ 9.26 6.94 CD
24 F 1.39 0.05 CD
25 MD20 5.09 2.31

MF 1.85 0.05 CD
MF 1.39 0.05 CD

26 F ' 3.94 0.09 CD
27 B 1.39 0.23 CD

2 F8 28 B 6.48 0.46 CD
29 F 0.93 0.05 CD
30 F 4.17 0.09 CD
31 MD30 18.52 13.89

MF 2.31 0.09 CD
MR 1.39 0.46 CD

32 F 1.85 0.05 CD
' 33 F 0.69 0.05 CD

34 cc+o 3.70 3.24 CD
25 MD11 8.33 6.94

B 5.56 0.23 CD
Cl 36 F 0.93 0.05 CD

37 F 0.93 0.05 CD
38 CC+O 2.78 2.31 CD
39 F 0.93 0.05 CD
40 F 8.33 0.05 CD
41 F 2.31 0.09 CD

11 42 MD+1 16.20 4.63
MB 7.41 0.32 CD
MF 4.63 0.05 CD
MF 4.63 0.05 CD
MF 4.63 0.05 CD
MR 3.70 1.85 CD

43 F 1.39 0.05 CD

Comments

'No Asbestos Structures Detected
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MVA PROJECTNO: 765 DATE: 1/17/94
MVA SAMPLE NO: D4252
CLIENT SAMPLE NO: 16

Grid/ Structure StruCure Length Width Identi- Comments
Opening Number Type pm pm fication

44 F 3.47 0.09 CD
D7 45 B 3.70 0.23 CD

46 F 0.93 0.05 CD
47 B 4.63 0.56 CD
48 F 1.62 0.05 CD

B2 49 MD10 3.70 3.70
MF 3.70 0.05 CD

50 F 4.63 0.05 CD
51 CC++ 9.26 1.85 CD

"No Asbestos Structures Detected
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MVA, Inc.
TEM SAMPLE ANALYSIS INFORMATION

MVA PROJECT NO: 765 DATE:
MVA SAMPLE NO: D4053
CUENT SAMPLE NO: 17

1/17/94

Amount collected: 6 liters
Amount prepped: direct liters
Area of analyzed filter. 385 mm*
Magnification used for fiber counting: 21600

- Aspect ratio for fiber definition: 3:1
Mean dimension of grid openings: 0.008 mm*
Number of grid openings examined: 10
Number of asbestos structures counted: 59
Number of fibers longer than 5 pm: 14
initials of Analyst: JM

Grid/ Structure Structure Length Width .. Identi­ Comments
Opening Number Type , pm pm" fication

1 C2 NSD*
1 B 2.31 0.23 CD
2 F 3.70 0.05 CD
3 F 6.48 0.09 CD
4 B 3.47 0.28 CD
5 MD20 4.63 3.70

MF 4.63 0.09 CD
MF 0.93 0.05 CD

6 F 1.16 0.05 CD
7 F 1.85 0.09 CD
8 CC++ 5.56 5.56 CD
9 cc+o 3.70 1.85 CD

10 B 2.55 0.19 CD
11 F 1.16 0.05 CD
12 MD33 11.57 6.94

MB 6.94 0.46 CD
MF 5.56 0.09 CD
MF 5.56 0.09 CD

13 B 4.63 0.32 CD
14 F 0.93 0.05 CD
15 F 4.17 0.05 CD
16 CC+O 5.56 4.17 CD
17 F 1.85 0.05 CD
18 F 3.47 0.09 CD
19 F 1.85 0.09 CD

"No Asbestos Structures Detected 
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MVA PROJECT NO: 765 DATE: 1/17/94
MVA SAMPLE NO: D4C53
CLOCT SAMPLE NO: 17

GriS* Sttucture Structure Length Width Identi- Comments
Opening Number Type pm pm fi cation

2D MD11 18.52 9.26
MF 6.48 0.05 CD

21 F 0.93 0.05 CD
22 B 3.70 0.23 CD
23 B 1.85 0.69 CD
24 F 4.63 0.09 CD
25 cc+o 4.17 3.70 CD

AS 26 F 139 0.05 CD
27 MD++ 16.20 5.56

MB 6.94 ‘0.46 CD
MB 6.94 0.46 CD
MF 5.55 0.05 CD
MF 5.56 0.05 CD
MF 5.09 - 0.05 CD

28 F • 2.31 0.09 CD
2 FZ 29 F 3.01 0.05 CD

30 MD10 1.85 1.85
MF 1.85 0.05 CD

C7 31 F ' 5.09 0.05 CD
32 B 11.57 0.93 CD
33 F 0.69 0.05 CD
34 F 0.79 0.05 CD
35 B 3.47 0.14 CD
36 CC+O 4.40 2.31 CD
37 MD10 6.48 2.31

MF 1.85 0.05 CD
38 F 0.93 0.05 CD
39 B 5.55 0.23 CD
40 F 0.93 0.09 CD
41 MD20 5.09 2.78

MF 3.24 0.05 CD
MF 3.24 0.05 CD

13 42 F 1.85 0.05 CD
43 CC++ 8.33 6.94 CD
44 F 4.17 0.09 CD

J6 45 F 3.01 0.09 CD
46 F 0.93 0.05 CD
47 B 3.94 0.32 CD
48 MD30 9.26 4.63

MF 4.17 0.05 CD

’No Asbestos Structures Detected 
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DATE: 1/17/94

Grid/ Structure Structure Length Width IdentL 
Opening Number Type pm pm fi cation

MVA PROJECT MO 765
MVASAMPLENO: D4C53
CLIENT SAMPLE NO: 17

MF 3.24 0.05 CD
MF 1.39 0.05 CD

49 F 3.24 0.09 CD
50 CC++ 7.87 6.94 CD
51 F 2.06 0.05 CD
52 F 0.93 0.05 CD
53 cc+o 1.85 1.39 CD
54 F 6.94 0.09 CD
55 F 0.93 0.05 CD
55 F 4.63 0.09 CD
57 MD10 2.78 0.46

MF 1.85 0.05 CD
58 F ' 2.31 0.05 CD
59 B 4.17 0.46 CD

"No Asbestos Structures Detected

Comments
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MVA, Inc.
TEM SAMPLE ANALYSIS INFORMATION

MVA PROJECT NO: 765 DATE: 01/17/94
MVA SAMPLE NO: D4C58
CLIENT SAMPLE NO: 18

Amount collected: 0 liters
Amount prepped: . Direct liters
Area of analyzed filter. 385 mm1
Magnification used for fiber counting: 21600
Aspect ratio for fiber definition: 3:1
Mean dimension of grid openings: 0.008 mm*
Number of grid openings examined: 10
Number of asbestos structures counted: 0
Number of fibers longer than 5 pm: 0
Initials of Analyst JM .

Grid/ Structure Structure Length Width Identi- Comments
Opening Number Type pm pm fication

1 B7 NSD*
C4 NSD
HI NSD
D9 NSD
J8 NSD

2 C2 NSD
F7 NSD
E9 NSD
14 NSD

A1 NSD

•No Asbestos Structures Detected
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APPENDIX C

PLM Results
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MV A, Inc.

PLM Constituent Analysis

MVA#: 0765 Location: Side 1

Sample LD. #: D4054 Client Sample l.D. #: B1

Examination using the stereomicroscope: A gray material with fibers. Some of the 
materia] is stained reddish bi color.

Date: 01/06/94

CONSTITUENT % CONSTITUENT % CONSTITUENT

Fibers: Pigment: (Black) - 5 Fillers:
Cotton ______ Binders: Diatoms
Fiberglass Kaolinite ----- Iron Chromite

Filament — Montmorillonite — Iron Oxide
Wool - - - Gypsum ----- Limestone

Mineral Wool — Anhydrite ----- Magnetite
Hair — Portland Cement ----- Mica
Paper/Wood Lime (hydrated) — Perlite

Chem. Proc. — Precipitated Synthetic Foam
Mech. Proc. - - - Carbonate ----- Pumice

Synthetic Starch

Asbestos Minerals

----- Quartz
Talc and/or 
Vermiculite

Chrysotile -85 Anthophyllite -----Tremoiite/
Amosite — Crocidolite ----- Actinolite

Comments:

Analyst: T. Hopen
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MV A, Inc.

PLM Constituent Analysis

MVA#: 0765 Location: Side 2

Sample LD.#: D4055 Client Sample LD. #: B2

Examination using the stereomicroscope: A gray material with fibers. There is 
noted a red discretion on the surface of some of the material.

Date: 01/06/94

CONSTITUENT % CONSTITUENT % CONSTITUENT

Fibers:
Cotton
Fiberglass

Filament
Wool

Mineral Wool 
Hair
Paper/Wood 

Chem. Proc. 
Mech. Proc. 

Synthetic

Pigment: (Black) 
Binders:
Kaolinite 
Montmorillonite 
Gypsum 
Anhydrite 
Portland Cement 
Lime (hydrated) 
Precipitated 

Carbonate 
Starch

6 Fillers:
Diatoms

- iron Chromite
- Iron Oxide
- Limestone
- Magnetite
- Mica
- Perlite 

Synthetic Foam
- Pumice
- Quartz 

Talc and 
Vermiculite

Asbestos Minerals

Chrysotile - S3 Anthophyllite
Amosite — Crocidoiite

Tremolite/
Actinolite

Comments:

Analyst: T. Hopen
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PLM Constituent Analysis

MV A #: 0765 Location: Debris

Sample I.D. #: D4056 Client Sample l.D. #: B3

Examination using the stereomicroscope: A reddish-gray material with fibers.

Date: 01/06/94

CONSTITUENT % CONSTITUENT % CONSTITUENT

Fibers: Pigment: (Black) -10 Fillers:
Cotton Binders: Diatoms
Fiberglass Kaoiinite ... Iron Chromite

Filament - - - Montmorillonite ... Iron Oxide
Wool — Gypsum ... Limestone

Mineral Wool — Anhydrite — Magnetite
Hair — Portland Cement ... Mica
Paper/Wood Lime (hydrated) — Perlite

Chem. Proc. — Precipitated Synthetic Foam
Mech. Proc. — Carbonate ... Pumice

Synthetic Starch

Asbestos Minerals

Quartz
Talc
Vermiculite

Chrysotile -67 Anthophyllite ... Tremolite/
Amosite

Comments:

Analyst: T. Hopen

Crocidoiite Actinolite
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Figure Cl. Microscopic image of asbestos-containing debris after gasket removal.
Magnification = 20X
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